Objective: To evaluate brain-derived neurotrophic factor (BDNF) and tumor necrosis factor-a (TNF-a) blood levels as disease biomarkers of delirium in oncology inpatients. Methods: Seventeen oncology inpatients with delirium, 28 oncology inpatients without delirium, and 25 non-oncology controls (caregivers) were consecutively recruited from a Brazilian cancer center. This sample was matched by age, sex, and education level. The Confusion Assessment Method, the Mini-Mental State Examination, and the Digit Span Test were administered to ascertain delirium diagnosis. BDNF and TNF-a levels were measured by the Sandwich-ELISA method and flow cytometry, respectively. Blood samples were collected immediately after clinical evaluation. Results: Oncology inpatients (with and without delirium) showed significantly lower BDNF levels compared with non-oncology controls (F = 13.830; p = 0.001). TNF-a levels did not differ between the three groups. Conclusion: A cross-sectional relationship of BDNF and TNF-a blood levels with delirium in oncology inpatients was not demonstrated. The association between cancer and reduced serum BDNF levels may be mediated by confounding factors.
Introduction
Delirium is one of the most frequent neuropsychiatric complications in oncology patients. Its incidence rate ranges from 16 to 85% during hospital admission depending on the stage of the underlying disease. 1 Delirium is a predictor of morbidity and mortality that frequently goes under-recognized in clinical practice. 1 In addition, its pathophysiology is still relatively unknown. 2 The identification of biomarkers for delirium may contribute to the diagnosis of delirium and to a better understanding of its pathophysiology.
Some authors have described the role of systemic inflammation. According to the literature, systemic inflammation starts with the activation of central nervous system parenchymal cells. Next, there is expression of proinflammatory cytokines and inflammatory mediators in the brain. Finally, there is neuronal and synaptic dysfunction leading to delirium. [2] [3] [4] [5] [6] The high prevalence of delirium in sepsis, 7 surgery, 8, 9 and treatment of cancer with interleukin and interferon 10, 11 and the high levels of inflammatory markers observed in many etiologies of delirium 8, 9, 12, 13 support this theory.
Tumor necrosis factor-alpha (TNF-a) is one of the proinflammatory cytokines responsible for inflammation, immunity, and cellular homeostasis. TNF-a also plays a critical role in tumor proliferation, migration, invasion, and angiogenesis. In addition, TNF-a is a key regulator of the tumor microenvironment. 14, 15 This cytokine could also be linked to the pathophysiology of delirium. 4 ,5 TNF-a may mediate excitotoxic neurodegeneration by inhibiting the activity of the insulin-like growth factor I (IGF-I), a neuroprotective peptide that stresses the interaction between neurotrophic and inflammatory factors. 16 Previous synaptic loss and microglial priming caused by aging and neurodegeneration are predisposing factors associated with acute cognitive impairment in patients with delirium.
3 Peripheral TNF-a induced by a systemic inflammatory process also plays an important role in microglial activation and further cytokine release in the cerebral tissue, which has a deleterious effect on neuronal functions. 4 The brain-derived neurotrophic factor (BDNF), a neurotrophin found in abundance in the hippocampus and cerebral cortex, 17 has also been considered to play a role in the pathophysiology of delirium. 7 The effect of BDNF on synaptic plasticity, dendritic growth, normal maturation of neural development pathways, 18 and long-term memory consolidation 19, 20 supports its possible contribution to delirium. In addition, increased oxidative stress, which has been suggested as one of the processes leading to the development of delirium, 21 has been associated with decreased BDNF levels. 22 Furthermore, the age-related reductions in serum levels of BDNF 23, 24 and its association with the decrease in volume of the hippocampus and in memory performance 25 may be related to the vulnerability of the elderly to develop delirium. 1, 3 High levels of BDNF and its subsequent reduction were found to be predictive of delirium in intensive care unit patients. 26 This study aimed to evaluate the role of BDNF and TNF-a serum levels as disease markers of delirium in oncology inpatients. Considering the theory of increased oxidative stress linked to delirium, 21 the authors' hypothesis was that BDNF levels would be reduced during the phenomenological presentation of this acute neuropsychiatric condition. It was also hypothesized that TNF-a levels would be elevated during the clinical presentation of this syndrome as an expression of a potentially reversible inflammatory brain disease.
Methods

Study design
We conducted a case-control study comparing three different groups matched according to sex, age, and education. The first group was composed of oncology inpatients with delirium, the second group enrolled oncology inpatients without delirium, and the third group was comprised of non-oncology subjects.
Participants
Oncology inpatients (with and without delirium) were consecutively recruited from the Cancer Center at Hospital Santa Casa, Porto Alegre, Brazil, from January to August 2011. Non-oncology subjects were selected among cancer inpatients' caregivers during hospitalization. The inclusion criteria for the groups with cancer were diagnosis of breast, head and neck, lung, bladder, uterine, gastric, and colon cancers. The presence of a proxy during evaluation was required in cases of delirium. Exclusion criteria were aphasia; severe hearing and visual impairments, because they complicate the patients' assessment; prior history of symptoms of dementia; presence of diagnostic ovarian cancer, myelomas, prostate and lymphoid tumors, medullary thyroid carcinoma, and neuroblastoma to avoid possible confounder related to BDNF and tumorogenesis [27] [28] [29] ; and presence of any psychiatric disorder in oncology inpatients without delirium and non-oncology controls. Ten patients with major depression, seven patients with prostate cancer, four patients with ovarian cancer, and two patients with previous dementia were excluded. Figure 1 shows the recruitment process flowchart.
Assessments
The oncology staff of the Hospital Santa Casa was informed about the protocol and authorized the assessment of their patients. The diagnosis of cancer was established based on clinical history and confirmed by an anatomical pathology study. Demographic data were also obtained.
Before the beginning of the study, the nursing staff of the hospital was trained by the research team to improve delirium recognition. All suspected cases of delirium identified by nurses were further evaluated by a consultant psychiatrist or three previously trained members of the research team in order to confirm the diagnosis. Clinical history was obtained from patients and informants. The Confusion Assessment Method (CAM), 30, 31 the MiniMental State Examination (MMSE), and the Digit Span Test were administered to all oncology inpatients in order to evaluate the presence of delirium. A diagnosis of delirium by the CAM requires the presence of acute onset and fluctuating course, inattention, and either disorganized thinking or altered level of consciousness. The CAM is scored based on an interview with the patient including at least a brief cognitive assessment. The MMSE and the Digit Span Test were thus used as brief cognitive measures to confirm the diagnosis of delirium suggested by the CAM. 30 The MMSE and the Digit Span Test were also administered to non-oncology subjects. The Brazilian version of the MINI International Neuropsychiatric Interview 32 was used to identify any psychiatric disorders in oncology inpatients without delirium and non-oncology controls. Those subjects who presented any psychiatric disorders were not included in the study. A comprehensive clinical history was obtained to exclude significant clinical diseases in the non-oncology controls. For each oncology inpatient with delirium included in the study, the team searched for an oncology inpatient without delirium and a healthy control matched according to age, education, and sex.
Immediately after the clinical and psychiatric assessment, blood was collected from all participants by a senior nurse without anticoagulant. Within 3 hours, serum was separated by centrifugation at 3000 6 G at room temperature. The supernatant was stored at -806C until the assay. BDNF serum levels were determined by sandwich-ELISA method using BDNF monoclonal antibodies (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. The limit of detection for BDNF was 7.8 pg/mL and the range of detection was from 7.8 pg/mL to 500 pg/mL. Also following the manufacturer's instructions, TNF-a was measured using fluorescence detection by flow cytometry. The device used was the BD TM CBA Human TNF Enhanced Sensitivity Flex (BD Biosciences, San Diego, CA, USA). The theoretical limit of detection of TNF-a is 67.3 fg/mL and it was determined by evaluating the estimated result of the median fluorescence intensity (MFI) of the negative control (0 fg/mL, n=30) + 2 standard deviations. The laboratory assessment was blinded to the clinical status of the subjects.
All participants and their proxies (in cases of delirium) were fully informed about the study and signed a written consent form. The study was approved by the Ethics Committee of the Universidade Federal de Ciê ncias da Saú de de Porto Alegre, Porto Alegre, Brazil (protocol number 979/09). All procedures are in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.
Statistical analysis
The Shapiro-Wilk test was used to test the normality of all the variables studied. Descriptive analyses of demographic and clinical data were also performed. Analysis of variance with Tukey's post-hoc comparison was used to identify between-group differences in terms of BDNF and TNF-a serum levels because the distribution of these variables was parametric. The same analysis was used to compare age and educational level between the groups. The chi-square test was used to compare sex between the groups. The effect of sex and chemotherapy on BDNF and TNF-a serum levels was analyzed by Student's t test. The Pearson correlation test was used to evaluate the correlation of BDNF and TNF-a serum levels with educational level and age. A threshold p-value was set at 0.05 to be statistically significant. All statistical analyses were carried out using the SPPS version 18.0.
The statistical power of the sample size was calculated after data analysis based on the mean differences observed in the study and 95% confidence level using the OpenEpi version 2, open source calculator (Power, http://www. openepi.com/Power/PowerMean.htm).
Results
A sample of 17 oncology inpatients with delirium, 28 oncology inpatients without delirium, and 25 non-oncology controls was evaluated. The mean age of the whole sample was 65.19 (SD 8.29), ranging from 41 to 89 years. The comparative analysis of demographic data showed no difference between the three groups ( Table 1) .
The most frequent cancer diagnosis was breast (13%) and lung cancer (13%), followed by colon (10%) and stomach (6%) cancer. Five (29%) oncology inpatients with delirium and seven (25%) oncology inpatients without delirium were using antibiotics. Approximately half of the total oncology sample had metastasis and was undergoing chemotherapy. Oncology inpatients with delirium did not have a significantly higher rate of metastasis (44.4%) than oncology inpatients without delirium (55.6%) (p = 0.114) (chi-square association test). Forty percent of oncology inpatients with delirium were on chemotherapy compared with 60% of oncology inpatients without delirium (p = 0.656) (chi-square association test). Fifty-six percent of oncology inpatients with delirium and 55.5% of those oncology inpatients without delirium were using benzodiazepines. The frequency of opioid use was 58% for oncology inpatients with delirium and 63% for oncology inpatients without delirium. BDNF serum levels were not significantly correlated with age and education (r = 0.22, p = 0.08 and r = 0.23, p = 0.07, respectively). TNF-a serum levels showed a weak positive significant correlation (r = 0.3, p = 0.05) with educational level, but not with age. BDNF and TNF-a levels did not differ significantly between patients on current chemotherapy (t = -0.78, p = 0.43; t = -0.21, p = 0.83) and between sex (t = -1.70, p = 0.09; t = -0.66, p = 0.51).
Oncology inpatients (with and without delirium) showed significantly lower BDNF levels in comparison with those found in the control group of non-oncology controls (F = 13.830; p = 0.001) ( Table 2) . Although without statistical significance, there was a decreasing gradient from oncology inpatients with delirium to non-oncology controls. This result was illustrated in a box plot graph (Figure 2 ). TNF-a levels did not differ between the three groups ( Table 2 ).
The power of mean differences of BDNF levels between oncology inpatients with delirium and non-oncology subjects was 99.94% and 98.15% between oncology inpatients without delirium and non-oncology subjects.
Discussion
This study demonstrated that oncology inpatients (with and without delirium) showed significantly lower BDNF serum levels than non-oncology controls. The lowest BDNF serum levels were found in oncology inpatients with delirium. Nevertheless, their levels were statistically similar to those of oncology inpatients without delirium. TNF-a serum levels showed no difference between the three groups, despite previous hypotheses that TNF-a serum levels would be increased in patients with delirium compared with those without delirium.
Our initial hypothesis that BDNF serum levels would be significantly lower during the delirium phenomenological presentation in oncology inpatients with delirium in comparison with those without delirium and non-oncology controls has not been confirmed. Because blood was collected while our patients were displaying the clinical presentation of delirium, we did not find a cross-sectional relationship between delirium and BDNF levels in oncology inpatients. We have chosen a sample of oncology inpatients because of their high risk of delirium.
1 Even those patients who did not have delirium signs at that moment blood was collected share a similar risk. Both groups had low BDNF levels in comparison with healthy controls. Only a longitudinal study design, including blood collection at hospital admission and a daily follow-up of the patients to detect delirium, would make it possible to test the hypothesis that BDNF levels may be a risk factor for delirium incidence in oncology patients. The role of BDNF as a risk factor for this condition was already demonstrated in intensive care unit (ICU) patients. 26 Furthermore, lower BDNF plasma levels were independently associated with mortality, even in the absence of clinically detectable brain dysfunction in ICU patients. 33 Additionally, for those oncology patients who were hospitalized, the mortality risk is well-known. 34 The current results may suggest a relationship between having cancer and having reduced serum levels of BDNF, although this association may be found due to potential confounding factors. The biology of the different types of cancer found in the patients enrolled in the study was diverse and might have impacted the result. Furthermore, the elevated use of benzodiazepine among the sample could be another factor related to low BDNF levels. Data presented as mean 6 standard deviation. ANOVA = analysis of variance; BDNF = brain-derived neurotrophic factor; TNF-a = tumor necrosis factor-alpha. * Tukey's post-hoc comparison a, b , c. { One-way ANOVA: F = 13.830 for BDNF; F = 0.290 for TNF-a levels. Figure 2 Brain-derived neurotrophic factor (BDNF) levels between oncology inpatients with and without delirium and non-oncology healthy subjects (scatter plot graph). Group 1 = oncology inpatients with delirium; Group 2 = oncology inpatients without delirium; Group 3 = non-oncology healthy controls.
Also, we did not measure other potential confounding factors for low BDNF levels in the oncology sample, such as body mass index, minor depressive symptoms, or minor clinical diseases or presence of hypoxemia. Conversely, it is reasonable to assume that having cancer is stressful, and oncology inpatients probably face chronic stress that persists for hours, days, weeks, and even months. An experimental model showed that acute stress induced a significant increase in BDNF mRNA and protein, while repeated chronic stress resulted in their reduction. 34 Therefore, we can hypothesize that chronic stress could be induced by cancer which, in turn, induced a reduction of BDNF. Furthermore, the small sample size is another factor that could explain the non-significance of BDNF levels between the oncology inpatients with delirium and those oncology inpatients without this syndrome. However, a post-hoc analysis corroborated the statistical power of our sample. Additionally, we did not measure other substances related to the pathophysiology of delirium, such as IG-F1, IL-8, IL-6, cortisol, C-reactive protein, and S-100b, as well as ApoE 4 allele, 36 which could have interacted with BDNF levels in order to express the symptoms of delirium.
TNF-a serum level was similar in the three groups. According to the delirium inflammatory hypotheses, [2] [3] [4] [5] [6] which emphasize the role of stress-induced cytokines, we expected increased levels of this pro-inflammatory cytokine in oncology inpatients with delirium. In addition, the role of this cytokine as one of the major mediators of cancerrelated inflammation 15 strengthened this theory. Despite the theoretical potential role of TNF-a in delirium associated with cancer, abnormalities in this cytokine have not been found in other conditions associated with delirium. 12, 37 Conversely, our results could be explained by an ephemeral increase in TNF-a in the blood, which could not exactly reflect its central nervous system levels. Increased TNF-a could last a few hours in the blood and this transitory rise would be sufficient to activate the neuroinflammatory cascade. An experimental study reported that after injections of single systemic lipopolysaccharide (LPS, 5 mg/kg, i.p.) in wild mice, peripheral TNF-a was detectable in the serum for 9 hours, in the liver for 1 week, while it remained at a high level in the brain for 10 months. 38 Another explanation for this finding was the myriad of causes of delirium in oncology inpatients making the identification of the main precipitant factor very difficult. The multiple precipitant factors could have a different correlation with TNF-a levels. Furthermore, it was not possible to obtain the TMN staging for all oncology inpatients; therefore, the potential effect of this variable on BDNF and TNF-a levels was not studied. This issue could be considered in future research.
Small sample size, heterogeneity of cancer types, and lack of control of the many confounding factors described above were limitations of the current study. The multifactorial causes of delirium and the clinical complexity of oncology patients may interfere with the study of this heterogeneous population. These aspects may also have an impact on the results because many potential factors related to delirium may be underestimated and/or unrecognized.
Nonetheless, the high prevalence of delirium in this population challenges new research on diagnostic and preventive strategies. One of the strengths of our study was to evaluate this specific group. In spite of the vast literature about the role of BDNF in many neuropsychiatric disorders, its role in delirium has been the subject of more theoretical discussions than clinical investigations. Longitudinal studies with larger sample size of oncology inpatients could better evaluate the role of BDNF in delirium in this population.
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